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SPIN-TUNNEL TE~S OF AIRPLANE MODELS WITH

VARIATIONS IN MASS DISTRIB~ION

EXTREME

ALONG THE THREE BODY AXES

By Robert W. Kahn

SUMMARY

An investigation was conducted in the Langley 15-foot
and 20-foot free-spinning tunnels to detezmine the effect..
of extreme changes in mass distribution along each of the
three body axes. Two models of single-engine airplanes
having different geometric arrangements and aerodpamic
characteristics were tested with a series of different
loadings. The test results were analyzed to investigate
the effects of the individual inertia moment parameters
upon spin and recovery characteristics.

The test results indicated that the value of the
inertia yawing-moment parameter mainly determined the
effect of aileron setting on recovery, that the values of
the inertia yawing-moment and Inertia rolling-moment
parameters influenced the effect of elevator setting on
recavery, and that the value of the inertia pltching-
moment parameter determined the attitude of the spin at
the normal spinning control configuration (ailerons
neutral, elevators up, and rudder full with the spin)
when mass was distributed chiefly along the wing. The
inertia pitching-moment parameter also determined the
angular velocities of the spins. Steady spins could not
be maintained when all three moments of inertia were
equal.

INTRODUCTION

Existing literature on spinning Indicatbs that mass
distribution may greatly affect the spin and reco~ery
characteristics of a given airplane. Some of the pretious

- ..- - -
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Investigations of the effect of mass distribution on
spinning have been presented In references 1 to 5.’

The previous work has Indicated that the mass distri-
bution of airplanes determines the relative effectiveness
of the various controls in producing recovery frcm spins.
Although geometric characteristics have aff’ectedthe
number of turns for recovery from a spin, they generally
have not influenced the relative effectiveness of the
controls in producing recovery for a given loadlng condi-
tion.

Reference 1 indicates that the inertia yawing-moment
parameter may be used to predict the relative effectiveness
of various control settings and movements on recovery.
In reference 2 It is Indicated that multienglne models ~
spin steeply, that aileron-against settings expedite
recovery, and that the elevator is the ]aosteffective
single control for recovery. Multienginedmodels have
relatively more mass along the wing and less mass along
the fuselage than single-engine models; that is, the
Inertia yawing-moment parameter is positive for multi-
enginedmodels and is generally negative for single-engine
models, Single-engine models may spin either steeply or
flatly, aileron-with settings expedite recovery, and the
rudder Is the most effective single control for recovery.
It was shown In reference 3 that, when the loading along
the wings was increased for several single-engine models
until the inertia yawing-moment parameter was positive,
control effects typical of multienginedmodels were
obtained but the spins were not so steep as the spins that
are characteristic of multiehgine models.

Inasmuch as previous work Indicated the effect of
only the inertia yawing-moment parameter, the present
investigation was conducted in the Langley 15-foot and
20-foot free-spinning tunnels in an attempt to detezmine
the effects of the inertia rolling-moment and Inertia
pitching-moment parameters. A primary purpose of this
investigation was to determine which inertia moment
parameter determines the attitude of the spin. The scope
of some of the previous investigations is shown in
figure 1, which indicates the envelopes of the inertia
moment parameters of the models considered in the investi-
gations of references 1 to 3. The Inertia moment param-
eter of most of the models of conventional airplanes
tested in-the Langley spin tunnels since the investi-
gation described in reference llle within or quite close
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to the envelope indicated for reference 1. F@ure 1
also shows the loading conditions as represented by the. . . inertiamoment parameters with which the,mode,ls..ypre,
tested in the present investigation. Very extreme
changes in the loading along the three body axes were
made in the present investigation with the hope that the
results obtained at the extreme conditions would be of
aid in lsolatlng the effects of the individual inertia
moment parameters. Additional tests were made with the
moments of Inertia about the three body axes equal in
order to determine the effect of zero inertia moment
parameters. Tests were also made to detezmine the effect
of Increasing all moments of inertia by equal amounts
and thus keeping the moment-of-inertia differences
constant. Two models having different geometric charac-
teristics were tested in order to detemnlne whether
aerodynamic differences would influence the effect of
the large loadlng changes.

The effects of control settings on the steady-spin
and recovery characteristicswere detemnined for the
various loadings. The center-of-gravity location was
held fixed, and the total weight was kept constant
for each model during the test program. All tests were
made with the landing gear and flaps retracted.

SYMBOIS

X, Y, and Z

m

b

s

IX

Iy

12

kx

ky

airplane body axes

mass, slugs

wing span, feet

wing area, square feet

moment of inertia about X-axis, slug-feet2

moment of inertia about Y-axis, slug-feel%

moment of inertia about Z-axis, slug-feet2

radius of gyration about X-axis, feet

radius of gyration about Y-axis, feet

. .
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kz

v
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P

P

q
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t

kX2 - ky2

~2

1+ - kZ2

~2

kz2 - kX2

~2
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radius of gyration about Z-axis, feet

L5C09

airplane true rate of desoent estimated by
scaling from model values, feet per second

acute angle between thrust axla and vertical
(approx. equal to absolute value of angle
of attack at plane of symmetry), degrees

angle between Y-axis and horizontal, degrees

airplane angular velocity about spin axis
estimated by scaling from model values,
radians per second

density of air, slugs per cubic foot
,

angular velocity about X-axis, radians per
second

ungular velocity about Y-axis, radians per
second

angular veloclty about Z-axis, radians per
second

time, seconds

inertia yawing-moment parameter

Inertia rolllng-moment parameter

inertia pitching-moment parameter

EQUATIONS OF’MOTION APPLICABLE TO SPINNING

If the airplane body axes are assumed to coincide
with the principal axes, as is very nearly the case for

.— .- ——.
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conventional airplanes, Euler”~sequations for the momenta
acting on a rotating bodymmay be written for an airplane

● . .. .. .“.
h a Afifna~”----.-..-. ,

Inertia yawing moment =

,.- ------- -

- Aerod_lo yawing moment

(Ix - Iy)Pq -1+

Inertia rolling moment = - Aerodynamic rolling moment

(=Iy- IZ)qr - IX $

.

Inertia pltohing moment = - Aerodynamlo pitching moment

= (Iz -IX)Pr - Iy~

In a steady spin, the acceleration terms (the last terms
in the equations) disappear; the formulas Indicate,
therefore, that the Individual moments of inertia may
affect recoveries although they should have no effect on
the steady spin. The moment-of-inertia differences
determine the Inertia moments acting during a steady spin
at a given attitude and given angular velocities. Theae
differences may be expressed nondlmensionally by the
inertia moment parameters

IX - Iy Iy - 12 12 - IX

mb2 mb2 mb2

or by

k% - kZ2

b2

APPARATUS AND TESTS

Apparatus and (leometrio Characteristics of Models

Testing tednique and construction of spin models
are described in reference 6. Dimensions of the air-
planes represented by the two models used for the present
tests are given in table I. Three-view drawings of the

— -.— .—
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models, which are designated A and B, are presented In
figures 2 and 3, and photographs d the models are given
as figures )+and 5. The tests were made with the landing
gear retracted. l~odelA represent a recent sc~ut.bomber
airplane and model B represents a recent experimental
fighter design. The scales were 1/18 for model A and
1/20 for model B.

?tassLoadings Tested

The Initial loading conditions of the models, as .
represented by the inertia moment parameters, were almost
the same. In order t~ obtain the other loading condi-
tions tested, lead ballast was redistributed along the
three body axes. The total weight of each model and the
center-of-gravity locationwereheld constant. ~tending
or retracting mass along any one axis increases or
decreases the moments of inertia about the other two axes
and therefore changes two ~f the inertia moment param-
eters, as is showr.by the follawing table:

Extending
masa
alonq

X-axi8
Y-axis
z-axis

——
!Xumgein

Ix

——

.-.-----
lnorease
Increase

Iy

—.

Inorease
--------
Increase

12

Inorease
Increase
.-------

!Aqebraicchangein

The three inertia moment parameters therefore are inter-
“ related, and any two parfieters determine the third. It
is impossible to vary only one parameter at a time and
determine its effect.

In most cases it was impossible to make the desired
retraction of mass along any one axis, and accordingly
changes that gave the desired values of the inertia moment
parameters were obtained by extending mass along the
other two axes. In order to chmge appreciably the mass
distribution along the Z-axis, weights were installed on
rods that passed through the center of gratity and
projected into the
effect of the rods
istics was small.

air–stream. Tests Indlcat&d that the
on the spin and recovery character-
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In tables 11 and III, which ShOW the V~lOUS loadl~,. ..-
coiiditlons’slmulatwdon “mode.la-Aand B, respaotimsly, the
actual changes made to obtain the various loadings and
the effective ohanges thus simulated are given. Tests
for models A and B were made at equivalent spin altitudes
of 6000 and 8000 feet, respectively.

Aacuracy

Beoause the models were damaged frequently during
the teats, it was recognized that the results obtained
were primarily of qualitative value and were not acmarate
enough to permit rigid quantitative comparisons. Cheok
tests with the models in the initial loading condition
were made at the end df the test program, however, and
the results agreed reasonably well with the original
results. For some loadings and control configurations,
the results obtained may have been Influenced by sensi-
tivity to small variations in control settings - espe-
cially at conditions for whioh the results varied greatly
with changes in aileron and elevator setting.

PRESENTATION OF RESULTS

The detailed test results are presented in charts 1
and 2 for models A and B, respectively. The boxes on the
charts give the steady-spin and recovery characteristics
for principal combinations of aileron and elevator
settings. The keys In the lower right-handoornersof the
charts show the order of presentation of the results in
the boxes. All recoveries were attempted by full rapid
rudder reversal, and the recovery characteristics were
determined by the number of turns the model made from the
time the rudder was fully reversed until the spin rotation”
ceased.

A simplified presentation of the results, which
shows dtrectly the effects of changes In mass distribution
on the optimum direction of aileron and elevator setting
for reoovery, on the angle of attack, on the angle between
the Y-axis and the horizontal, and on the turns for
recovery from the spin at the normal spinning control
configuration”(aileronsneutral, elevators up, and rudder
full with the spin), Is given in figure 6 for model A
and In figure 7 for model B. In these figures, a question

—-
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mark indicates that the aileron or elevator setting had
little apparent effect on recovery. Quantltatlve results
are given in figures 6 and 7 only for the spin at the
normal c~ntrol configuration for spinning. The quanti-
tative effects of the changes In mass distribution on
the spins obtained with other combinations of aileron
and elevator settings can be determined from charts 1
and 2.

Initial

DISCUSSION

Loading Conditions

For the present tests, the inltlal loadings of the
models corresponded approximately to the basic loadlngs
of the airplanes represented by the models. These
loadings were arbitrarily selected as convenient starting .
points for the test program and are fairly representative
of single-engine airplanes.

For both models in the initial loading condition
(condition 1), aileron-with spins (right aileron up and
left aileron down in a right spin) were very steep with
high angular velocities and recoveries were rapid.
Aileron-neutral and aileron-against spins were fairly
flat and recoveries from these spins were slower than
from aileron-with spins. For model B, elevator-down
settings retarded recovery whereas, for model A, elevator
setting apparently had only little effect on the general
spin characteristics. The difference in the effect of
elevator setting for the two models at almost the same
loading conditions was probably caused by the aerodynamic
differences in the models.

Variations in Mass along Body Axes

-%-Pm- Figure 6 shows that for model A an
extreme ex ens on of mass along the X-axis (condition 2)
had little effect on the spin characteristics. A further
large extension of the mass distributed along the X-axis
(condition 3) prevented the model from spinning except
when the ailerons were set against the spin. Retracting
the mass distributed along the X-axls (condition ~)
steepened the spin at the normal control configuration,
increased the angular velocity, prevented the model frem
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. . .. spinning..wlththp.ele-vatorneutral or down, and reversed
the effect of aileron tiett-l~on”’”rebdvery-from-rthat--”
obtained at normal loading slnoe, in this condition,
aileron-against settings gave the most rapid recoveries.

The results obtained for model B (fig. 7) were
generally similar to those obtained for model A.

along~”: ‘r both ‘Odels’ ‘etractiw ‘assw ng accentuated the effeot of aileron setting
on recovery, and extending mass along the wing reversed
the effect of aileron setting on recovery. No consistent
variation In angle of attack with the mass variations
was apparent.

mass +%%&%%&
.- For both models, either retracting

-axis (condition 10) or extending mass
along the Z-axis (condition 8) retarded recovery from the
spin at the normal control configuration. The angle of
attack did not change appreciably as mass was varied
along the Z-axis. The results shown in charts 1 and 2
show that retracting mass along the Z-axis tended to make
the aileron-with spins flat and that extending mass along
the Z-axis tended to increase the angle of’bank and
caused the models to spin with the Inner wing inclined
up considerably. At condition 9, the change in mass
distribution from the initial value was greater for
model A than for model B (see fig. 1) and, whereas
model A would not spin for any combination of aileron
and elevator control settings”,spins were obtained for
model B when the ailerons were neutral or with the spin
and the elevators were neutral or down. During these
spins the fuselage was nearl

3
horizontal, and the inner

wing was up approximately /+5. Recoveries from these
spins varied considerably, and the model tumbled - that
is, rotated about the Y-axis - duming recovery. An
explanation for the fact that model A would not spin at
condition 9 may be that the inertia pitching-moment
parameter was zero and therefore no Inertia couple acted
to flatten the model and hold it in a spinning attitude.

Special Mading Conditions

Equal moments of inertia.- Tests made with all
momen%s of Inertia equal (condition 11), so that there
would be no inertia moments acting during the spin,
resulted in conditions for both models for which steady

— —.. . - .
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spins could generally not be obtained. When the elevators
were up and the ailerons were neutral or with the spin,
however, model A continued to rotate and the value of a
vartedbetween limits of -40 and 460 and the wing incli-
nation varied between limits of 30° up (Inner wing) and
18° down. Reversal of the rudder terminated the motion
rapidly. ‘Withthe same control settings, model B
descended at a velocity too high to permit testing. .

Increased moments of inertla.- In an attempt to
determine the im~ortance of the moments of inertia as
compared with th~ moment-of-inertia differences, all
three moments of inertia were increased by equal incre-
ments from the inltlal single-engine loading conditions
so that the inertia moment parameters remained constant
at the initial values. The results obtained at this
loading (condition 13) indicated little effect of the
Increases in moments of inertia upon either the steady
spin or the recoveries obtained by rudder reversal.

Typical multlengine loadi .- Loading conditions
that were considered ive of the mass distri-
bution of multienglne a~rplanes were obtained by extending
weight along the wing and effectively retracting weight
along the fuselage (condition 12). The control effects
obtained were typical of multienglne models in that
aileron-against and elevator-down settings tended to
prevent the spin. The aileron-with spins obttiinedwere
much flatter than the corresponding spins for the initial
loadin~s; however, the spins obtained with ailerons
against and at the normal spinning control configuration
were steeper.

Effect of Aerodynamic Differences In Models

The two models tested differed somewhat in aerodynamic
characteristics as measured by the tail damping-power
factor (see table I) and In other respects such as wing
location. These aerodynamic differences were large enough
to cause some differences in the test results. For model A
in the initial loading condition, for example, elevator
setting had little effect on recovery, whereas for model B
elevator-up settings expedited recovery. Model A had a
partial-length rudder so that deflecting the elevators
either up or down did not appreciably change the shielding
effect of the horizontal tall on the rudder during spins.
Model B, however, had a full-length rudder and, when the
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elevators were down, more of the rudder was shielded by
-. the horiz.qntaltail than when the elevators were up, with

the result that the rudder was less effe’&tiVein produehg -
..... ..,-,.,

recovery. For both models the spins were somewhat steeper
with the elevators down than with the elevators up, an
indication that deflecting the elevators gave an inorement
in pitching moment even though they were stalled.

With the greatest extension of mass along the X-axis
tested for model A (condition 3), the model would spin
when the ailerons were set against the spin; model B at
condition 2 (which was not so extreme a loading as
condition 3 for model A), however, would not spin for any
aileron-elevator combination even when the rudder was
full with the spin. It was thought that these results
might be attributed to the difference in the longitudinal
stability characteristics of the models. Extension of
mass along the fuselage increases the spin-flattening
moment aoting during a spin and, at very large angles of
attack, the aerodynamicnro-spinmoments have been found
to become very small (reference 7). For model B at
condition 2 the spin-flattening moment evidently was
large enough to cause the model to assume such a flat
attitude that spinning equilibrium was not possible. It
was also noticed that the ratio of horizontal-tail area
to wing area was considerably smaller for model B than
for model A. Brief tests were therefore made with the
stabilizer area increased for model B (aerodynamic diving
moment Increased), and spins were obtained when the
ailerons were against the spin.

For the two models, variations in mass distribution
along the Y-axis had opposite effects on the attitude of
the spin at the normal control configuration for spinning.
For model A, extending mass along the Y-axis steepened
this spin and, for model B, retracting mass along the
Y-axis steepened the spin. The reason for this difference
is not apparent.

Either extending or retracting mass along the Z-axis
of model B caused the spins with the ailerons against the
spin (elevators neutral or down) to beoome very oscil-
latory in pitoh and roll. This effect was not obtained
for model A.

It should be remembered that other models which
differed greatly in aerodynamic characteristics frcsnthe
two models tested might have given results that were

—. —. -—. .—. —. — ——
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somewhat different from the present results. The indi-
cations are, however, that the effects of the mass changes
on the relative effectiveness of the controls in producing
reoovery would have been the same.

Effect of Individual Inertia Moment Parameters

Certain Inferences concerning the effects of the
individual inertia moment parameters can be made from the
preceding results. It appears that, as was previously
indicated and explained in reference 1, the directions “
of aileron and elevator deflections for optimum recovery
vary with the v lue of the inertia yawing-moment param-

kX2 - k+eter . Figures 6 and 7 shQw that, when mass
b2

(

kX2 - k~
was distributed chiefly alo~ the wing

)
positive ,

b2
elevator-down and aileron-against “settingsgenerally were
favorable to rapid recovery whereas, when mass was distri-

(

kx2 - k~
buted chiefly along the fuselage

)
negative ,

b2
elevator-up and aileron-with settings were, in most cases,
favorable to recovery.

Varying the mass along the wing (conditions 1, 5, 6,
and 7) had little consistent effect on the attitude of
the spin at the normal control configuration - an indi-
cation that, for a constant value of the inertta pitching-
moment parameter, variations of the inertia rolling-
moment or inertia yawing-moment parameters do not affect
the spin attitude. This result agrees with conclusion 1
of reference 3. When mass was distributed chiefly along
the wing (inertia yawing-moment parameter positive),

kZ2 - kX2
the inertia pitching-moment parameter determined

b2
the attitude of the spin at the normal spinning control
configuration; low values of the parameter resulted in
steep spins. A simple qualitative explanation for this
steepening of the spin is that, when mass was effectively
added along the Z-axis, the centrifugal forces acting on
the mass along the Z-axis gave a pitching moment that
nosed the model down.

. . .. . . . .



1-

NAOA ARR NO. L5C09 13

When mass was distributed chiefly along the fuselage,
.. the ,spin attitude did mt .vary,..conslatentlywith any

parameter until the inertia pitching-moment pti&ieteF- - “
was made so large or so small that spinning equilibrium
could not be maintained.

A general comparison of all results Indicates that
the Inertia pitching-mmnent parameter also influenced
the angular velocities of the spins; low values of the
parameter generally gave high angular velocities.

When mass was distributed chiefly along the fuselage
(inertia yawing-moment parameter negative), the adverse
effect on recovery of setting the elevators down was
em hasized as the inertia rolling-moment parameter

3k- kZ2
approached zero.

b2

An investigation was conducted to detemlne the
effect of extreme changes in mass distribution along
each of the three body axes for two models of single-
englne airplanes hating different geometric arrangements .
and aerodynamic characteristics. The test results were
analyzed to investigate the effects of the individual
inertia moment parameters upon spin and recovery charac-
teristics. It was recognized that the extent to which
the spin would be affected by mass changes would depend
upon the aerodynamic characteristics of the design. The
test results indicated the following qualitative conclu-
sions:

1. The value of the inertia yawing-moment parameter
mainly detemnined the effect of aileron setting on
recovery, and the values of both the inertia yawhg-
moment and the Inertia rolling-moment parameters influ-
enced the effect of elevator setting on recovery.

When mass was distributed chlefl along the wing
T(iner~~a yawing-moment parameter positive , the inertia

pitdhing-moment parameter determined the attitude of the
spin at the normal spinning control configuration.

1 ——
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39 The value of the inertia pitching-moment parameter
detezzninedthe angular velocities of the spins.

4. The moment-of-inertia differences were apparently
of primary importance in detemnlning the spin and recovery
characteristics of a given design. The magnitudes of the
individual moments of inertia appeared to be of secondary
importance.

5. Steady spins generally could not be maintained
when all three moments of inertia were equal.

Langley Memorial Aeronautical Laboratory
National Advisory Committee for Aeronautics

Langley Field, Va.
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TABLE I

DIMENSIONS OF AIRPLANES REPRESENTED BY MODELS

- m ---------- -. !,,--- -..
..--, ...,..

Model A Model B

Whgsp~n,f ’t...... . . . . ...3
Over-all length, ft . . . . . . . . . 2 .?
Normal weight, lb..... . . . . . 6$50
Normal c.g. looatlon,
percent M.ARC...... . . . . . . 29.1

wing:
Area, si ft....... . . . ...259
SectIan
Root . . . . . . . . . . . .. NACACYH,

18 percent
thick

TIP..........=. .NACACYH,
11.8 percent

thlck
Root (reference) chord, in. . . . . 98.7
Root-chord incidance, deg . . . . . . . 0
Tip-chord incidence, deg . . . . . . . . 0
Aapectratio . . . . . . . . . ● . . . 5.9
Sweepback of L.E.
of wln~, deg . . . . . . . 1.6 (approx.)

Dihedral at 30 percent

Outer

{

ToP, 3
chord line, deg . . . pane1 Bottom, 5;

M.A,C., In. . . . . . ● . . . . 83.3
L.E. of M.A.C: ;earward of
L.E. of root chord, In. . . . . . . . 3.1

Ailerons:
Chord, peroent root chord . . . 16.4
Area behind hinge line, sq ~t” . . . 19.
span, percent b/2 . . . . . . . . . 36.k

Horizontal tall surfaoess
Totalarea, sqft.. . . . . . . . 61.1
Span, ft. . . . ● * . ● ● - ● ● S ●

14.8
Elevator area behind hinge
llne, sqft. . . . . . . . . . g ~ 28.1

Distance from e.g. to elevator
hlngellne, ft . . . . . . . . . ●

16.8

3
29.3
6340

31.5

232

NACJi0015

NACA 23009
modified

100.0

$
593

3.6

3

84.3

5.6

30.5
10.9

12.0

16.2

. NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS

—
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TABLE I - Concluded

D~ENSIONS OF AIRPLANES REPRESENTED BY MODEM - Concluded._.--J—.

Model A . Model B

Vertical tall surfaces:
Total area, sqft . . . . . . . . . . 25.8 . 4..4
Rudder area behind hinge
line, Sqft . . . . , , . . . . . .13.5 8.0

Distance from e.g. to
rudder hinge line, ft . . . . . . . ~6.7 16.5

Maximum control settings:
Rudder, deg . . . . . . . . . . 30 right, 30 right,

30 left 30 left
Elevators, deg . . . . . . 30 up, 20 down 35 up,

15 down
Ailerons, deg . . . . . . . 30 up, 15 down 25 uPs

10 down
Tail damping-power factor

(calculated accordln to
method of reference B).... 0.0000727 0.000175

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS

.
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*1

2

3

4

5

6

7

8

9

10

Cll

Q

13

TABIZ II.- FOX&SXLX MAW DISTRIBUTIONO?’MOD2LA FW VARIOUS UXD120 COYDITIOIS‘f=~

[WiIW kmlirIs,25 ltI/sqft; ●Wi7ShlIt tast .Ititndo, 6000 ft, ralatiw dcnait, & st teat ●ltituds, ,0.0]

Actual change
from

initial loadiw

---------------

Mass axtended
along x-axis

------- do------

USSS ●xtended
along Y- .ti
Z-U*8

Hans extended
along x- d
Z-U09

Mass ●xtended
along Y-xxis

-------do ------

Uass extended
along Z-ui#

.------do -----

Maas ●xtended
along x- Xnd
Y-AX*S

Ma8a ●xtemied
along Y- and
Z-U*9

Mama●xt*nd@d
aloog Y- and
Z-U*S

Mass ●xtondod
●long x-, Y- ,
●id Z-U*S

l!ffect~mchdngo

initial 10UUn2

. . . . . . . ---------

(b)

(b)

mass rotractcd
along x-aXi8

(b)

(b)

(b)

(b)

Mama rOtract*d
●long Z-xxis

(b)

Mass ●xtondd
alo~ Y-axis
●id rotrmtod
●long X-ui8

Yom

(sl:ft21
4,0W

4,000

4,000

13,lt80

7.270

8,960

12,40

7,280

9,96o

6,965

12,61@

11,380

7,150

Iy

(Slug-ftz)

6,684

12,520

16,300

11,590

13,230

6,68o

6,680

9n960

ix,~o

9,645

12,640

9J@J

9.83o

(Slu%)

9,96o

15,800

19,5s0

ll+,870

13,230

k920

18,100

9,940

9,960

15,900

12,640

&,6wJ

13,110

0.229

.229

.229

J@

.309

.343

.399

.309

.362

.302

J@

.38?

.307

0.297 0.362

.km .456

.463 .507

.390 .W

.418 .428

.297 .443

.297 J@

.362 .362

.4o8 .362

.356 .457

.408 J@

.352 .438

.359 .425

.88 x lo-lb

-280

-404

62

-196

75

180

-88

-88

-88

0

4

.8a

-108 x 10”4

-108

-108

-108

0

.270

-375

0

88

-205

0

-170

-108

kzz .: kxz

b2

196x 10-4

388

512;

46

196“

196’

196

88

0

293:

0:

106

1*

:Inltialloadin& oondition ( tmi cd single-emgiM loading).

‘XtY.cti V. cMnuo sne M ●ctual changQ 11 stool inproeoding co lwa.
c2qual momenta of inertia.
d~ieal multioq@o 10*IM .

IATIOEALAWXMRY
OCUMITY=- ~U?2CB

,:

,

I



TABIJ111.-FoLIACALEMABSDIS7kIIEOT101 OF MDBL B FOR VA210US 14MDIIVJ COYDITIOIIST2STK0

ping UXiing, 27.3lbh ft.;●quivalent test altl tudo, 8000 ft; relatlva danslty -& at teat altltuda, 13 .o]

7k+ -k#
b

Actual ChUW
rrcn

lnitlal lowdiw

2rrect::m0hu12*

lnitlal 10*MII2

%2 - kx2

b2
Ix

( dw-rt2 )
Iz

( slug-f tz ):Ondltlom

.91 x 10-4

-309

----------

69

-199

70

“176

-91

-91

-91

0

62

-91

-1OE x 10-k

- 10b

-----------

-108

0

-269

-375

0

4.6

-169

0

-170

-108

199x 10-4

U/

----------

39

1~

199

199

91

45

260

0

108

199

z

%

2

3

4

5

b

7

8

9

10

ql

%2

13

3,050

3,050

----------

12,650

5,650

6,940

9,520

5,650

6,750

4,fj20

7,850

6,750

5,990

5,250

10,500

----------

10,980

10,450

5,250

5,250

7,850

8,950

6,720

7,85o

5,250

8,19o

7,850

13,100

---------

13,580

10,450

11,740

4,320

7,850

7,850

10,790

7,850

9,360

10,790

0.225

.225

-----

.459

.306

.340

.397

.3o6

.334

.274

.360

.334

.34

0.295

.418

-----

.426

.I+16

.295

.295

.360

.385

.335

.360

.295

.368

0.360

.466

-----

.47’3

.4J6

.UIJ

.487

.360

.360

.424

.360

.394

.W

----------------

(b)

----------------

Maaa retract.d
along X-uls

---------------

Mass ●xtmdod
alongx-ui8

---------------

Masa cxtondod
along Y- and
Z-U*8

Mass ●xtondod
along x- and
Z-axes

Ham ●xt bndod
aloog Y-ula

Maaa retrnoted
along Y-ulm

(b)

(b)------do ------

Mass extended
along z-al 8 (b)

(b)

Mass retrmt.d
along Z.uls

-.----do------

Yasa e%tendmd
along x- ad
Y-U*8

Mnss ●xtonded
●long Y- and
Z-uea and
ratrm?ted
along x-axis

Mass ●xtcnded
*long Y- and
z-mom and
retracted
●long X-ui s

MU- ●xtuxlad
-low x-, Y-,
and Z-U*8

(b)

Masa ●xtended
along Y-axis
snd rotractod
●long X-uim

None

aIniticl Ioadiny condition ( tni cal ●in@w-on@nc 10wMI,Y) .
bzrrcctive cwo ● ama ● m actual change Iiatad in wacediw? 001-.
czqual momentt Or inertia.

%ypi.al m.ltl.ngfw loading. z
o
.

P
Cn

I
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CHART 1 -..5Pl# CIYARACTERJSJ7C3OFMODIL A
z
b

[Effect of mass variations olong th? X-ax\.s; Ioadmg as /nci/catedi cockpit clos~di landing gear retracted i’flups neutral; recovery ~

by full ropld rudder rever3al; YPCC

Condlt/on 4
Mass retracted olonu X-axl,s

I I

Pry ottempted from ond steady-:

Cond/t/on i
Inftml Ioodlno

+
Ii 2-k ,

b
-88 XIL)-4

m data pre.m?ted for rudder- ulth spm5,,; r(ght erect”’ sp!ns ~ ~

@’z .*8o X,*-4

a18.21

a Wondering spn.
A130spins jerkl~, hcielage oppeorato you

b Osclllotory 5pin,
to right about Z-ax/s In an attempt

c No means model would not spin.
to become horizontal. As fuselage
reaches horizontal, right wjng
and nose drop. The cycle MPH repeats.

Condit/on 3 ;
~long X-QXLJ +,

0
●

to

EE5EEE
Model valuesconverted (d= ) @ ~

U denotes innerwln91% Turns for



CHAW 1.- SP/N CffARACTER/SFCJ OF MODEL A - Ccw$nued

[Eff~ct of mom vanoi?cw.solonq the Y-axis; /oadtnq as mo?cated; cockpk c/osed; Iondwg g~or retracted; flops neutral i recowyy

by full rapid ruddw rwwso/; recovery ottem~t~d from and stw?dy -spin data prp.xnted for rudder- wjth spo?s; right wect ~plns]

Cond/t/on 5
Nom retroct~d along Y-UXIS

#1,

Condtlon 1
In/t/o/ loading

+’ ‘ -88x10-4

a, bk~jj$ = -/08 XIO -4 ~1

1//0 3.4

L+M

a Wondering spin.
b Osclllotor spin.
j OC and d varyb~tu.wn valuesmdlcat~(

NO means mod~l would not spv?.

Condltlon 6 Condltlov 7
Mas ~xtended olono Y-OXAS

*2 = 75 ‘fO-’

I I

-(
Model valu~s convertfd (d: J (de )

U dw?otes Innw Ulng ffPi Turns for
z

“ o
.

F

I

:,:
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CHART 1.- SPIN CiYAPACTE@137Z’$ OF /VODEL A – Com%ued
z
m
>

[Effecl of mass vormtkms olonq the Z-m/s; /oadmg as mdmied, cockpd closed /mdmq qmr retracted, flcps neutral; recovery +

by full rupld rudder reversal: recovery attempted from and steody-spm data presented for rudder-w~th spins ; rtqht erect spins]
z
z
—

Cons’dlon /0

PIOSS rerracted alonq Z-axis

~ ‘ -88 XIO-4

~- =-20S_X/O-4 ~ , ,

w-l

Condition 1

Initial /oad/nq

&# .-8~x,o-4

~ Wandering spin.
Osc///atory spin.

c IVO means model uould not spin

Cond\t\on 8

Mass extent

Lf.#= +8 X,*-4

I I

IOQI
L—

Condl\on 9 $

i alonq Z-axis *

+=-86’/0-4

z
o
.

E,,
Mode/ values converted (d~9) d~ )

U denotes inner w?q up; Turn5 for

tic+
.
-1-
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CHART 1.- SP1/V CHAPAC=R/J7/CS OF /70DEL A - &nchdk+

Oc+
●

-+

@et of ,pec,(i hadtrq cond/t\ons; Ioadmq us Inalcat ed; cochplt closed; Iandmq q ear retracted; flaps neutra~ recovery

by full rapid rudder reversal; recovery attempted frm? and steady- spn data presented for rudderwth spm ;rfqht erect spmsl

Condition i 1
Equal momen+5 of Inertia

2 fiz
~=o

L 1

o Wandertnq spm.
h Oselllatory spm.
c No means model would not spin.
d K and B vary between values Indicated.

z

z
o
.

Cn

cl
o
w)



CHART 2,- SPINCHARACTERISTICSOF MODEL B

%y ful I rapid rudder reverxl; recovery attemj

d Cond/tion 4
flass retracted alona X-QYIS

L-.--J

1 (

Wandermff sptn.

ed from and steady-sfln data presented for rudder- utth spins; rlqht erect SPIns]

Cmdltlon i
Inl tlal Ioadlnq

Recovery.uasattempted before model reached fml aitltude.
Steep spm.
CondWon 3 uas not tested for model 0.
No meons model would not spin.

d Cond\t\on 2 ~
Mass cxten’ded alonu X-ax]s

k&2 = -309 X10-4

k?-$i =-]08 X/c)-4
b+n/w* =417X10-4
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CIYART Z. – SF~N CHARACTEUISVCS OF f70DFL B - C&v$xIed
Op
3-

[jffect of moss Vc’rlotlons along the Y-axIs; Ioodmq os Indicated; Cockpit closed; Iandmq qear retracted; flaps neutral; recovery
@c+
.

by full rapid rudder reversal; recovery ut t empfed from und steody-spm data presented fbr rudder-udh spins ;rlqht erect sp~m]
-N

Condttton 5 Condltton i

-floss retract ed ulonq Y-axis In\ttal Ioadlnq

.+. = -/99 ./0-4 &#= .cJ, x,fJ-4

w 11/5912.gl

cl“5~, 6-

Condit\or) 6

/Vass exten

J&#= TO.,0-4 ~

+= -269 XK)-4 ~02D

a

&!#=” ,~g .,~-4

Condition 7

led along Y-Oxls

+2=/~~ .,0-4 ●

z

I I l— L

Wandermq spm.
Recov~ry ~as attempted
reached final attitude,
Steep spm,
Osctlla tory spm.

and 0 vary betueen vaties mdcoted.
before model f No meons model uould not spin.

E

9 VeJocltta and anqles vffrY bet~een u denotes inner WImJUP;Turns for
values Indicated.

z
o
.

P
cn
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CHART Z. – SPIN CHMRAC7ZR/.ST/CJ’Of HODEL B - confinuaf
m
1=

[Effect of mass varmtlons atonq the Z-axis; Ioadinq as indicated; cockpit closed
>

; Iandlng qear refracted; f laps neutrol; recovery zm
by full rapid rudder reversal;

Condltlon 10
Mass retracted ulon q Z-axis

Wanderma sRm.

‘covery attempted from and sic

Condtt{on 1
Indlal Ioadlna

dy- spm data presented for rudder- .Mh spins ;right erect spm~ , ~

Condllon 8 Cond\t\an 9 , 0“

Mass extended alona Z-axis ~
●

h 2-/(2*. = -91 K/o-4

Recovery bos attempted before model reached finul att dude.
Steep spin. f 10 means modeI would not spin.
Osc!llotor m pdch and roll. 9 On verqe of re c over .
(X and d L ,Qtei-ollws;h l?odel tumbkd~otat ed avary bettieen values mdlcated.

‘ Made/ tumbled after recovery. _
7 denotesmner LJIrqu “Turns for



CH~T Z. - SPIN CIYARACTERASTICS OF /YOL2?Z.B -

1Effect of specml Ioodmg cona)tlons; Ioudlnq us mo’’catea’, cockpit closed; Iana’mq

-0
05
Op

Cmc/uded 5m
Oc+

qeur retracted; /bps neutral; recovery _ “q ~

by tuJl rap]d rudder reversu/; recovery attempted from and steady- spm o’otaprisented for rudder-uith spm ;rlght erect sfvn~

Cond]tton 1
In\t\al 10admq

+.Q, X10-4

) I

Condttlon 12
jjmcal multlename Ioad!na

k2-K2+)+ S62%10-4

H/vc

Cond!t\on 13
Increased moments of inertia

U Wandermq spin.
b Recovery was attempted before model reached final attitude.
c Steep spin.
d No means model would not spin.

m!

U denotes inner wnq up; urns or

m
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80400-40 -80 -ltO -160 -100 -240 -S80 -3?0 -360 -4W -440 -480 -SZO -560 -am -e~ .~)(\;4

ky’– kz’
b“ Mass extended aloq wing

Mmlhu Awnm
~ m AmMUIm

Figure 1.- Conditions tested with models A and B and ranges of

inertia moment yararneters for investigations described in

references 1 to 3.
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Fig. 2 NACA ARR No. L5C09
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NACA ARR No. L5C09 Fig. 3
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NACA ARR No. L5C09 Figs. 4,5

Figure 4.- Side view of model A.

Tests made with landing gear

retracted.

Figure 5.- Side view of model B.
Tests made with landing gear

retracted.
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Twns for
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. k?R561u

;0 591U 2%,3
cl% 3Y*,

5362 ID
‘3/44’4
?W

(-’! denotes inner wing UP

denotes i~nw wing darn L

means control effect ~ &fjn~e

E240 0
=-4A

A

n I ,, I
u

I i I I I I I I I I I 1 I I w1
+/0 .,

80 40 0 -4o -12a -200 -286 -360 -440 -520 -600 -680,10+

ky’ ;;ZZ
Mass e~tcrded along w~ng

Figure 6.- A sim~lified

CC @ and turns fo~~~~;;

of the results obtained with model A.

, y are 91Ven fOr the Syin at the normcf

s~niy, control configuration (ailerons ncutml, elrvatore up rudder with).
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u up
D Down
W With
A Against

Ea(d: ) (d:g)
Turns for
recovery

Optimum Optimum
elevator ai Ier on
settjn seftlng

For 0, u denotes

D de~otes

80 40 0 -4o -/20 -zoo -Z80 -360 -440 -520 -600 +30./0-4’

~ Mass extended alon~ wing

Figure Z- A simplified presentation of t},e results obtained with model B.

CZ, ~, and t urns for recovery are given for the syin at- the norm~ I

spinn Ing control configuration (ailerons neutral, elevators uy,rudder, with).
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